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Received 2 June 2016; revised 1 September 2016; accepted 1 September 2016AbstractA number of Diptera species have medical and veterinary importance as they cause myiasis and act as vectors for protozoans,
helminth eggs, as well as bacterial pathogens. In this research here, eleven Diptera species were monitored in five locations in
Northwestern part of Saudi Arabia, using three types of traps (lure-baited traps, window fly trap and yellow sticky traps). As a
general trend, the dominant flies were Musca domestica, Musca sorbens, Calliphora sp., blowfly Chrysomya sp. and Sarcophaga
haemorrhidalis. No significant differences were observed among the total number of flies collected indoor and outdoor at each site
using different traps. In the slaughter house, the three types of traps showed significant differences in the mean of collected flies
(F ¼ 4.135). Lure-baited traps showed significant differences in the abundance of the flies collected over the other two traps. In
vegetable markets, fly abundance varied significantly among the three types of traps (F ¼ 13.934). In the animal market, the mean
number of flies collected varied significantly among the three types of traps (F¼ 4.792). Similar patterns of variation in the number
of flies collected by different traps were shown in farms (F¼ 4.747). However, in the residential area, no significant difference was
detected in the mean number of flies collected by three traps (F ¼ 2.620).M. domestica was found to be the most abundant species
in all locations with a remarkable high abundance in animal facilities, and the lure-baited traps were found to be the most effective* Corresponding author.
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Diptera plays a key role in nutrient cycling in
terrestrial ecosystems as they accelerate the breakdown
of animal tissues, which facilitates the action of
decomposing microorganisms [1]. It is well known that
several dipteran species have medical and veterinary
importance as they cause myiasis [2,3] and are
considered mechanical and biological vectors for pro-
tozoan cysts, helminth eggs, bacterial and viral patho-
gens [4]. Flies are synanthropic as they have a close
association with human environments. Generally, flies
feed on human foodstuffs and wastes where they can
pick up and transport various disease agents. For
example, the housefly Musca domestica L. (Diptera:
Muscidae), has been reported as a mechanical vector
for more than 65 human and animal gastro-intestinal
diseases and caused by protozoan (amoebic dysen-
tery), bacterial (shigellosis, salmonellosis and cholera)
and helminths (round worms, hookworms, pinworms
and tapeworms) infections as well as viral and rickett-
sial infections [4]. Moreover, flies are reported to have
economic importance. For example, Miller et al. [5]
reported that the high population density of the
housefly in poultry farms causes annoyance to workers,
in addition to their indirect effect causing reduction in
the egg production of hens. The expenditure on con-
trolling the dipterous flies can be remarkably high. For
instance, the US spend more than 1.6 million US dollars
to control housefly populations in poultry farms [6].
According to the recent report of Zakai [7], 19,302
cases of cutaneous leishmaniasis were reported in Saudi
Arabia during the period of 6 years (2006e2012).
The occurrence, distribution and prevalence of these
dipterous in metropolitan areas are factors of public
health relevance. In rural areas, these insects can cause
decreased livestock production spreading important
animal diseases [8]. During the last two decades, there
is a growing interest among medical entomologists to
study the biology and ecology of flies in poultry farms,
slaughter houses, cattle farms, food courts, factories,
landfill and waste management plants in relation to
environmental and climatic variables [9]. This is initial
yet essential step to improve the future control andPlease cite this article in press as: A.T. Aziz et al., Monitoring Diptera specie
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j.kijoms.2016.09.001management programs. Indeed, dipterous flies are of
medical and economic importance and can be associ-
ated with epidemic outbreaks of diseases or causing
economic losses [10-12].
Despite this, there are few studies concerning bio-
logical and ecological aspects of dipterous flies in Saudi
Arabia. For example, interesting studies were conducted
in Jazan region by Hilali et al. [13]. However, Alahmed
et al. [14] studied the seasonal activity of flies causing
myiasis in livestock animals in Riyadh region. Hanan
[15] focused on the prevalence of dipterous flies of vet-
erinary importance in selected sheep farms and slaughter
houses in Jazan, Saudi Arabia. She surveyed Dipterous
flies in three private sheep farms and three governmental
slaughter houses in Jazan and reported 5312 individuals
belonging to12 species,8 genera, 7 families: Calliphor-
idae, Sarcophagidae, Muscidae, Ceratopogonidae, Uti-
lidae, Sphaeroceridae, and Chloropidae.
To our knowledge, there is no information available
about the abundance of flies of medical and veterinary
importance in the Northern region of Saudi Arabia, and
scarce knowledge is available about the effectiveness
of different traps for monitoring of dipterous flies in
arid regions. Therefore, this research firstly investi-
gated the abundance and distribution of flies in Tabuk
with emphasis on the effectiveness of using different
traps.
2. Materials and methods
2.1. Study sites
Tabuk is the capital city of the Tabuk Region in
north-western Saudi Arabia. Temperatures in the
summer ranged from 26 to 46 C, while in winter they
are between 4 and 18 C, with wide spread frosts.
Rainfalls in Tabuk Area occurred in the winter months
from November to March, and precipitation ranged
between 50 and 150 mm. The present study was
conducted in five out-door and in-door places of
slaughter house (28.384786 N, 36.534745E), vegetable
market (28.428301 N, 36.616465 E), animal market
(28.439784N, 36.460424 E), farm (28.403872 N,
36.540155 E) and residential (28.379869 N,s of medical and veterinary importance in Saudi Arabia: Comparative
l Journal of Modern Science (2016), http://dx.doi.org/10.1016/
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(Fig. 1).
2.2. Sampling of dipterous flies
The sampling of dipterous flies was conducted in
two consecutive nights from September 2015 and
January 2015 using three different traps [16] from in-
doors and outdoors from random places of Tabuk
Province, Saudi Arabia. Fly populations were moni-
tored using (i) yellow sticky traps (PiC, USA; size
50  24.5 cm, with natural gum resins 25%; castor oil
and carnauba wax 75%), (ii) window fly trap (PiC
products, USA; size 20  30 cm) and (iii) lure-baited
trap (final flight® fly trap, Troy Biosciences, USA) in
each section of each field. The traps were all new at the
time of testing and all were tested with their respectiveFig. 1. Location of the sampling sites in the
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facturers label instructions.
For each kind of trap, five stations were randomly
chosen where people and flies would most likely
interact with respect to bacterial transmission, including
slaughter house, vegetable market, animal market, farm
and residential area where flies have the opportunity to
feed on both waste or unsanitary materials and human
food items. The yellow sticky traps and window fly
traps (n ¼ 9) were placed in both indoor and outdoor in
horizontal and vertical positions in each study sites. The
insects were caught when they crept onto or alighted on
or blown onto the sticky surfaces. Final flight® lure-
baited traps (n ¼ 9) were also kept in both indoors
and outdoors study sites in the Tabuk Province.
The captured dipteran flies were kept in airtight
plastic tubes containing 70% ethyl alcohol (v:v) forarea of Tabuk Province, Saudi Arabia.
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times between September 2015 and January 2015. In-
sects were identified using the taxonomic keys by
Ref. [17].
2.3. Data analysis
Flies abundance data were analyzed descriptively
for the mean and standard deviation. ANOVA followed
by Tukey's HSD test (P < 0.05) was employed to
determine the variation in the flies abundance across
different study sites and employed traps. Statistical
analyses were carried out using the SPSS software
package (16.0 Version).
3. Results
A total of eleven Diptera species were collected
during the time of study using three different traps
from five locations. The housefly (M. domestica) was
the most abundant species, followed by Musca sor-
bens, Calliphora sp., Chrysomya sp. and Sarcophaga
haemorrhidalis. As a general trend, the mean number
of flies collected from slaughter house and animal farm
was higher if compared to the other study sites. No
significant difference was observed between the total
number of flies collected indoor and outdoor in each
site using different traps (Table 1).
In the slaughter house, the three types of traps showed
significant difference in the mean of collected flies
(F ¼ 4.135,d.f. ¼ 8, P < 0.05). The lure-baited traps
showed significant difference in the mean of the flies
collected compared to the other two types of traps (yel-
low sticky and window traps). In the vegetable market,
the mean number of flies collected varied significantly
among the three types of traps (F ¼ 13.934, d.f. ¼ 8,Table 1
Total number of flies collected (mean ± SD) and the t-test results as com
(d.f. ¼ 8).
Slaughter house Vegetable m
Yellow Sticky trap Indoor 42.8 ± 28.53 6.2 ± 5.54
Outdoor 70 ± 52.90 9.6 ± 12.95
t-value 0.012 0.540
P-value 0.341 0.604
Window fly trap Indoor 357 ± 419.38 31.8 ± 25.72
Outdoor 210.4 ± 222.30 45.6 ± 29.20
t-value 0.691 0.793
P-value 0.509 0.451
Lure-baited trap Indoor 322 ± 176.30 67.8 ± 37.38
Outdoor 523 ± 509.07 68.6 ± 34.17
t-value 0.837 0.035
P-value 0.427 0.773
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showed significant differences between each other. In the
animal market, the mean number of flies collected varied
significantly among the three types of traps (F ¼ 4.792,
d.f. 8, P < 0.05) (Table 2). As shown in Table 2, similar
patterns of variation in the number of flies collected by
different traps was shown in farm location (F ¼ 4.747,
d.f.¼ 8, P< 0.05). As a general trend, the lure-baited trap
were the most attractive ones. However, in the residential
area, no significant difference was detected in the mean
number of flies collected by three different traps
(F ¼ 2.620, d.f. ¼ 8, P < 0.05). Table 3 shows the M.
domestica was the dominant species collected by
different traps. In general, the lure-baited trap was the
most effective trap to collect flies. The total number ofM.
domestica (F2,147 ¼ 7.741; P < 0.05), Wohlfahrtia sp.
(F2,147 ¼ 3.287; P < 0.05), Lucilia sp. (F2,147 ¼ 4.712,
P < 0.05), and Culex sp.(F2,147 ¼ 3.426, P < 0.05)
collected varied significantly among the tested flytraps.
4. Discussion
4.1. Flies abundance and distribution
In the present study, eleven fly species were collected
from five different locations in northwestern part of
Saudi Arabia) using three types of traps (sticky, window
fly and lure-baited traps). In the present study, very high
number of flies was collected from slaughter house
and animal farm. No significant difference was found
between indoor and outdoor, in agreement with the
findings of Hanan [15] on the monitoring of Oestrus
ovis on sheep in Jazan region, Saudi Arabia.
The dominant flies were M. domestica, M. sorbens,
Calliphora sp., blowfly Chrysomya sp. and S. hae-
morrhidalis. The dominance ofM. domestica in animalparison between indoor and outdoor collections using different traps
arket Animal market Farm Residential area
36.8 ± 35.65 2.4 ± 2.79 0.6 ± 0.89
45.6 ± 21.87 4.6 ± 4.93 1.6 ± 1.52
0.470 0.868 1.270
0.651 0.411 0.240
123 ± 108.09 11.6 ± 15.29 0.2 ± 0.45
167.6 ± 172.92 10.2 ± 9.15 1.6 ± 1.82
0.489 0.176 1.673
0.638 0.865 0.133
347.2 ± 324.63 22.2 ± 20.41 1.4 ± 1.14
553 ± 677.91 28.4 ± 30.87 7.4 ± 8.20
0.612 0.375 1.620
0.557 0.718 0.144
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Table 2
Total number of Diptera species (mean ± SD) and the results of the one-way ANOVA test to compare the means of flies collected using different
traps. The ANOVA test was followed by Tukey's HSD at P < 0.05. Within a column, same letters indicate not significant differences among values.
Slaughterhouse Vegetable market Animal market Farm Residential area
Yellow Sticky trap 56.4 ± 22.55a 7.9 ± 9.56a 41.2 ± 28.27a 3.5 ± 3.95a 1.1 ± 1.29a
Window fly trap 283.7 ± 25.73b 38.7 ± 26.95b 145.3 ± 17.96b 10.9 ± 8.9a 0.9 ± 0.45a
Lure-baited 422.8 ± 74.54c 68.2 ± 33.76c 450.1 ± 112.69c 25.3 ± 4.89b 4.4 ± 1.36a
One-way ANOVA
F2,27 4.135 13.934 4.792 4.747 2.620
P-value 0.027 0.000 0.017 0.017 0.091
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widely reported from other parts of the world [18]. In
addition, Al-Shaibani and Al-Mahedi [19] reported that
Musca genus was the most abundant in animal farms in
Yemen. This may be due to the fact that Musca species
are ubiquitous species and have strong adaptability to
various and sometime extreme environmental condi-
tions. Furthermore, Hanan [15], reported as a total
5312 individual of 12 species were collected in
selected slaughter houses and sheep farm in the South
of Saudi Arabia. These findings were not in agreement
with the present study as the dominant fly species were
Coproica vegans and Anatricus erinaceus. These con-
tradictories in the composition and prevalence of the
fly species are probably due to the changes in the
environmental settings between central, North and
South of Saudi Arabia. The Central and Northern parts
(arid region) of Saudi Arabia characterized with very
low annual precipitation compared to the Southern
parts (semi-arid region) [20]. It is acceptable fact that
distribution and diversity of flies is driven mainly by
changes in the temperature [21,22] humidity and
rainfall [20].Table 3
Abundance of Diptera species (mean ± SD) collected in the Tabuk region, Sa
test (P < 0.05).
Species Yellow sticky trap Window
Musca domestica 15 ± 24.687 85.30 ±
Musca sorbens 2.66 ± 4.805 3.76 ± 6
Syrphidae species 0.24 ± 0.687 0.34 ± 0
Calliphora sp. 1 1.32 ± 3.074 1.78 ± 3
Calliphora sp. 2 0.24 ± 0.657 0.30 ± 0
Chrysomya sp. 1.26 ± 3.043 1.50 ± 2
Sarcophaga haemorrhidalis 1.02 ± 2.714 1.40 ± 2
Sarcophaga sp. 0.16 ± 0.866 0.26 ± 0
Wohlfahrtia sp. 0.14 ± 0.495 0.56 ± 1
Lucilia sp. 0.16 ± 0.817 0.80 ± 1
Culex sp. 0.02 ± 0.141 0.10 ± 0
The asterisk indicates significant differences (P<0.05).
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The selection of the appropriate traps is critical for
proper surveying the dipterous adult flies [23]. In the
present study, the lure-baited traps were the most
effective trapping tool for collected as the high number
of individuals as well as high number of taxa. For
instance, Akberzadeh et al. [24] reported that bait
trapping is likely to be a generally convenient method
for studying fly populations [25,26]. This type of traps
is widely known to be free out of harmful chemicals
and showed to be safe for the environment. Further-
more, they have been shown to be effective for
studying population fluctuation [24] and for short- and
long-term control [25].
According to Harvey et al. [23] the effective trap
should be economically affordable and should have
high potential to catch high number of pest species
with minimal effect on non-target insects. Although
sticky sheets have been widely applied to study the fly
abundance [27], the bait traps are more effective in
surveying the abundance and diversity of flies. In this
study, the pheromone traps were applied as liquid baitudi Arabia, analyzed with one-way ANOVA followed by Tukey's HSD
fly trap Lure-baited trap F2,147 P
171.62 179.30 ± 318.78 7.741 0.001*
.08 5.24 ± 8.62 1.872 0.157
.98 0.42 ± 1.07 0.472 0.624
.02 3.04 ± 4.81 2.852 0.061
.65 0.64 ± 1.51 2.233 0.111
.79 1.78 ± 3.54 0.344 0.710
.53 2.14 ± 3.90 1.680 0.190
.78 0.40 ± 1.37 0.675 0.511
.05 0.44 ± 0.88 3.287 0.040*
.44 0.92 ± 1.60 4.712 0.010*
.42 0.24 ± 0.59 3.426 0.035*
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Urech et al. [28] applied different flytraps to monitor
and control adult fly populations and found that the
traps, which include liquid bait and restricted or one-
way fly entry ports have the potential to capture high
number of fly species [29].
5. Conclusions
In the study, eleven dipterous species were collected
from five different locations in Northwestern part of
Saudi Arabia (Tabuk) using three kinds of traps. This
number of taxa recorded is relatively higher compared
to other studies conducted in other parts of Saudi
Arabia. Overall, M. domestica was found to be the
most abundant species in all locations with a remark-
able high abundance in animal facilities (i.e. slaughter
houses and animal farms), and the lure-baited traps
were found to be the most effective for monitoring fly
abundance. This research adds basic knowledge to
improve future control programs against flies of med-
ical and veterinary importance in Saudi Arabia.
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